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A-4 Session “Beam loss & halo dynamics”

13:30 - 13:50 Yoichi Sato Lead talk: Beam Loss and Halo Dynamics
Session Chair Session Question
Answers of J-PARC Main Ring

13:50 - 14:05 Trent Thompson Observations of mismatch-driven halo
in 2.5 MeV H- beam at the SNS Beam Test Facility

14:05 - 14:20 Shouyan Xu Space Charge Effect Simulation and Tune Optimization
for Reducing Beam Loss at CSNS

14:20 - 14:35 Esmaeil Ahmadi Experimental and Simulation Studies of
Non-linear Resonances in the ISIS Synchrotron

14:35 - 15:00 Yoichi Sato Discussion Session A-4
Session Chair

Space Charge 2026, 7th ICFA BD Mini-workshop, 2026/9/29 - 10/3; Session A-4 on 2026/10/2
Denys Wilkinson Building, Dennis Sciama Lecture Theatre, Oxford University, Physics Department 1



Question to A-4 Session

Q: How to design a next-generation highest-intensity facility?
from the particular view point of the A-4 session topic
“Beam loss & halo dynamics”

Session Chair (Y.S.) NOTES

Define “Beam halo”
as a part of beam touching physical aperture or collimators
in this lead talk.

Let’s isolate beam loss sources:
Beam halo developments and beam instabilities
as much as possible
even though they are relating each other deeply.



Y.S.’s view for the Question

Q: How to design a next-generation highest-intensity facility?
from the particular view point of the A-4 session topic
“Beam loss & halo dynamics”

Beam halo in A-4 = a part of beam touching physical aperture or collimators

To reduce the beam halo development

Measures Initial Design Post Design + Study Time
A) Enlarge physical / dynamic aperture Main devices Optics Improvement

B) Avoiding / killing transition energy Arc design ---

C) Avoiding the betatron resonance lines Base Tune Tune survey

D) Suppressing betatron resonances Place of post-works Adding Corrections

E) Removing resonance sources Lattice design? Lattice Re-design?

F) Linear mitigation of SC Higher energy Longitudinal control

Measures for insability, beam loss source but not from the beam halo development
Impedance budget control, Sllipage opt., FB system, Chromatic control, Longitudinal control, -

Mixture of initial and post works

Initial works are very important, but Post works can be performed some using Margines.
Challenge cost limits always to earn margines for our future! 3




Discussion for Our Future

Q: How to design a next-generation highest-intensity facility?
from the particular view point of the A-4 session topic
“Beam loss & halo dynamics”

Beam halo in A-4 = a part of beam touching physical aperture or collimators

To reduce the beam halo development

Measures Initial Design Post Design + Study Time
A) Enlarge physical / dynamic aperture Main devices Optics Improvement

B) Avoiding / killing transition energy Arc design -=-

C) Avoiding the betatron resonance lines "Base Tune Tune survey

D) Suppressing betatron resonances Place of post-works Adding Corrections
EXRemoving resonance sources “%‘0'7- Lattice design? Lattice Re-design?

F) Linear.mitigation of SC enf Higher energy Longitudinal control

Measures for insability, beam loss source but not from the beam halo development n
Impedance budget control, Sllivage opt., FB system, Chromatic control, Longitudinal contreé ---“0“%\“

Mixture of initial and post works

Initial works are very important, but Post works can be performed some using Margines.
Challenge cost limits always to earn margines for our future! \\%‘ee'
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Answers of J-PARC Main Ring

to Q of A-4 Session
“Beam loss & halo dynamics”

* Introduction and Answer lists in J-PARC Rings
* History of the Answers 1n J-PARC Main Ring

Yoichi Sato (KEK/J-PARC), A-4 Chair
SPACE CHARGE 2026 @Oxford U, UK

d
Oct. 27¢, 2026 https://indico.global/event/15713/
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“J-PARC 3 apan Proton Accelerator Research Complex

Operated by - a— T
J At ic E A y PaClﬁC Ocean ——d Tokal Ibarakl Japan qﬁ;},}*,
apan Atomic Energy Agency e —— .y e Bt éngh Inten51ty Proton Accelerators
(JAEA) and e e T ""Q" =5 e Facilities to use tl}e secondary beams
High Energy Accelerator T o i" e T Tt
Research Organization ST ., i g o Il S ———

(KEK)

Cutting-edge
scientific researches
are being realized
by utilizing

the plenty & diverse
secondary particles
(Neutron, Muon, Kaon,
Pion, Neutrino, -**)
produced by

the world’s highest-
class high-intensity
proton accelerators
(MW-class).

. To Super-Kamiokande
Prodle

AV Nl - Google .5




World Intensity Frontiers (~ GeV or higher)

Averaged Beam Power = (Ave. Current) * (Energy) --- Good INDEX of Accelerator Performance

108

?‘:i LPAc o2 Jemi A Design . . .
1074 1eon yﬁ/&% 'Igg{ﬂéal Ach:ved 1 GeVP+ -— Material & Life Science
< 2700,4 s Poaom SNS (US) 2.0 MW at 1.3 GeV € WR:Beam Power .
g F o”"‘”‘m aSIS | Beam Power J-PARC RCS 1 MW at 3 GeV = WR: Neutronbower/pulse i
50 ;7/% ﬁa ILPARC. Near Future - 1.5 MW : ‘|
g : RCS JPARC SNS ISIS ’
S 10 stsw 1wz GePARG o
E = (oi =
2 F csust | M‘l’fs'“ > 10 GeV P+=—- High Energy Elementary Particle / Nuclear
510 E QIKE: /1 JIPARC/MR ™ ‘ N
g - Isotope / ’\AR p% |NU.MI NuMI (US) 1.05 MW at 120 GeV
< = X / CNGS
e = I 1 kW ngh Energy/ J-PARC MR—F).( 0.9 MW at 30 GeV Near Future: 1.3 My (2028)
e = 13 NU with 2.3-2. 7E+14 ppp beam from MR € WR: Protons/pulse
Beam Kinetic Energy(E/ A) [GeV/u] J_PARC MR_SX 101 kW a.t 30 GeV € WR: SX-Beam Power
World Intensity Frontier Hadron Accelerators Near Future = > 150 kif
@ : Achieved by 2014, @ : by JFY2025 HD with slow extraction beam in ext.

SX 8.9E13 ppp, efficiency 99. 65% € WR: SX-efficiency

Jie Wei, IPAC2014 Updated by Yoichi Sato
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«*J-PARC Answer lists of J-PARC RCSv and MRv

See Saha’s See Yasui’s Igarashi’ s and mine

Q: How to design a next-generation highest-intensity facility?
from the particular view point of the A-4 session topic
“Beam loss & halo dynamics”

Beam halo in A-4 = a part of beam touching physical aperture or collimators

To reduce the beam halo development

Measures Initial Design Post Design + Study Time
A) Enlarge physical / dynamic aperture Main devices v Optics Improvement ¥
B) Avoiding / killing transition energy Arc design <% -

C) Avoiding the betatron resonance lines Base Tune <<% Tune survey S¥&¢

D) Suppressing betatron resonances Place of post-works Adding Corrections <&
E) Removing resonance sources Lattice design? Lattice Re-design? ¥

F) Linear mitigation of SC Higher energy ¢ Longitudinal control x&

Measures for insability, beam loss source but not from the beam halo development
Impedance buggez‘ control, 5///bag§ opt., FB system, Chromatic control, Longitudinal control, -

N\

Mixture of initial and post works

Initial works are very important, but Post works can be performed some using Margines.
Challenge cost limits always to earn margines for our future!




Injection
at 3 GeV

7 Collimators in MR

12 Collimators in Injection BT

Parameters of Main Ring

the Ring Formerly Known As the 50-GeV Ring

Fast (1 turn) extraction
at 30 GeV

, ﬁ'it\‘\ Jaws 2023

= ( \" » | i e - : &

Abort FX RF

Slow (2 sec)
extraction
‘at 30 GeV

Circumference
Injection energy
Extraction energy

Injection time
Acceleration time

Super-periodicity
harmonic
Number of bunches

1567.5 m
3 GeV
30 GeV

0.13 s
0.65 s

2407270 TP (" 4 us long pulse) circulate inside MR.
1 turn acceleration ™ 260 keV. 150,000 turns for injection and acceleration

RF avity
10 for Fundamental,
2 for 2" harmonic

Bending magnet
Total 96 magnets

«* J-PARC

World Records
Protons per pulse
(ToNU)
SX-Power,
SX-Efficiency
(ToHD)

Quadrupole magnet 9
Total 216 magnets



@ KEK Typical MR-FX Beam Operation

Fast (1 turn) extraction

at 30 GeV
Room for K1F KIR
FX kicker rise
1000 ns KZF
RCS | 3§
2 buckétso o
25 Hz ‘\
Injection
at 3 GeV K4R
0 z
K4F ,’I . K3R
Room for
Injection kicker rise
- 200 ns

x 10" protons

Circulating Protons (DCCT)
Magnet/RF ramping pattern

€ - éoo kwé
24\(1'0144“\ 5 .

. PPPR
(protop;a/per o

o IR ST SR R
0 0.5 1

time from K1 [sec]

20

(—)( >€ >
Injection Acceleration Recover
0.01 s 0.65 s 0.49 s

+0.13 s

€ Cycle 1.28 § =————>

4-time-injection from RCS (2 bunches each).

Magnet/RF patterns are synchronized with beam K.E.

kinetic energy [GeV)

«* J-PARC

Beam loss distribution

count

o
o

time from K1 [sec]

2.41 X 10" ppp
Particle Loss 0.5%}

Time [s]

Collimator Area -

o'

7}

)

©

w200 3 +

) . !
3
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/I il I 1 I [

IZOI l‘10I IGUK lﬂO“‘lOé"‘lZd‘i‘;(} :IG(.:lHISUlVHZOCJ)‘
BLM: MR {iE &t

Low gain (1/64) in collimator area
High gain in non-collimator area

Beam loss mainly occurs during

injection and low energy period.

3 GeV ->30 GeV .
Bucket size: 598 ns ->581 ns
RF freq: 1.67 MHz >1.72 MHz .
Bunch/Bucket: 25760% > 10%

Dual harmonic RFs

Particle Loss ratio < 1% for
maintenance capability.
Collimator area collects "98%
beam losses.
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«* J-PARC

L
@ Update @ 9

1 Asof

FX-NU 1 MW eqa. demo
2.7%X10" ppp in 1,28 s cycle

% April 7, 2026

FX-NU 515 kW
2.66x10"4 ppp
in 2.48 s cycle

Beam POWG r oc 1200 _ ‘ gl)l(’lg|e shots @ @
Protons per pulse  wBeam Eneray §§1°°°f @ @
Cycle length = g0l @ Uptream pgrades
g i 30 to 50 mA
More Protons : S 600l [;> opp
- Resonance, Space charge, E WR
Resistive wall, beam loading, & 4%
- _ % 200}
Faster cycle : -
« Hardware technology 0

and facility Limits

©

2018

MR Upgrades
twice faster cycle

A

2022

2020 2024

FX-NU 900 kW
2.4%x1074 ppp
in 1.28 s cycle

2026 Year

2> 1.36s 2> 1.28s

2010 2012 2014 2016
FX cycle 3.52s 2.48 s
Bunch L 150 ns long 300 " 400 ns long
Tune (22.4, 20.75)

(21.35, 21.43)

Needs better 3-fold symmetry to suppress non-schematic betatron resonances

1st BBA/BBGC activities 2009 - 2014 & TxT Base Optics Corr "2021:

New Optics Corr. method of Orbit Resp. Matrix Base 2023":

AB/B 5%
AB/B <2%

(::) Faster cycle approach is effective, if beam optics can be kept.

Some of Magnets were designed for the Ring Formerly Known As the 50-GeV Ring = 30 GeV operation

(21.37, 21.29)

11

+al
A
N\a(%



@ KEK (O Basic Beam Comm. Tools have prepared  .#J-PARGC
| by 2018: PPP WR 2.5X10'4 protons/pulse

Simulated tune shift of MR Power 500 kW

l. Injection beam quality: optimized RCS parameters, verified at 3-50BT monitors (Tune Spread 0.4)
Il. Optics measurements and corrections needs 6 Bxy<4% based on the measured transverse
lll. Transverse instability suppression: Intra-BunchFB, controlled chromaticity o emittances and bunCh;ngfaCtor -
IV. 2nd harmonic RF to suppress space charge tune spread : |
V. Longitudinal beam loading compensation system Chromaticity i
VI. Third order resonance corrections e Il Pattened chrom. 80
VII. Tune optimization (injection & acceleration) <o LLLEE LA A
VI --- 100 : = ; = : 80
Ve
Tttt o ) Il Beam Position of 2.1e13 ppb * 2bunches with i
/‘ 1 6 digit wide range halo monitors Intra-bunch FB (Stripline BPM & Stripline kicker)
20
(R RSN S s — p :
2\ \MDIEF;‘ IBFB OFF |BFB ON 2h) 21.1 21.2 213 " 214 21.5. 0
“""‘—\_/ - 307 ol 1 2 ey m %g‘seek Ideal Optics |

4 trim sextupoles correct

Beam Intensity for 470 kW equiv. beam

£297 peb (k1 2 bunch) Il To seck Ideal Optics both nx+2ny=64 and 3nx=64
64 | Trim QoOff T V Long. bunch oscillation of 480 kW beam },5
:Z G_By = 40/0 _ Mountain plot g Mountain plot so |
z,_; \ % Injection Acceleration
:: G_By = 7% :é‘ % 0.05 0.1 015 02 0.25 03
. . H -
s> Injection Acceleration : See Igarashi’s Latest Work:

56 |

5t IR el ot O A i Res. Corr. considering 12
o 0.05 0.1 l}[__ll;c(”u.: 0.25 03  Timelns) Timelns) SC & Off_mom-




O KEK Keys for higher power in MR-FX

+J-PARGC

Needed 2 year R&D (2014 - 2016)

22

20, 12214216218 22 222224226 228 23

Keys of Linac/RCS upgrades
World record Eat’e _s%prl)\l/lreRssed beam 518
protons/pulse alo into (2013,2014) N ..
(2020.1) Longer MR bunch to reduce -
2.7E14 ppp Space Charge Effect after e
applying RF mismatch paint 8 f;'z :
and upgrading Inj KM _ et §
@ system (2014) Wt >0
Seeking Good- @ MR tune area change in 2016 e
reproducibility required to challenge the =
even for margines of MR magnetic PSd‘“ewa"p?‘Soz -
k:'z?)g‘g?)r Power and aperture. Mo us® T g |

21 8

(21:35, 2V43)

Horizontal TungX

BEAMEM, (EEE¥— TJ-PARC Main Ring 7y 77 L—R ] TI#E2512021 F£18% 1 S p. 10-20 https://doi.org/10.50868/pasj.18.1 10

& > 2.7E14 ppp

i Upgraded MR Magnet PS system, RF system, -
Twice faster cycle @ = Twice # pulse (halved period) (2021.7-2022.6)

goM©

(Halve loss ratio) @ Discovered New Optics 2022), Applied it in user

operation 2025), Halved beam loss ratio 2026 -)

es
o2y

\'\O\d\“‘é
]\3( %'\(\S
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[ 2016 May 15 00:00:41 - Run 68 Shot 677800 |

MR-FX Beam Quality

[ 2020 Jan 30 18:50:52 - Run 84 Shot 436920 |

x 10" protons

Protons

2016.

K.E.

48 s cycle

0.5 1.5
time from K1 [sec]

[ 2016 May 15 00:00:41 - Run 68 Shot 677800 |

)

2.0 X 10 ppp
Particle Loss

time from K1 [sec]

0.5

200
Address#

Gain 1/8
In Collimator Area
(Beam Loss localized)

35— 2 8
{8 g 18
’30% :S _30?
15 |
10 : 1
i E 10
. 2.48 s cycle ..
. OO T D'IS o ‘1 ‘tin';elrL)m K11[§ec;o High rep'
q CS [ 2020 Jan 30 18:50:52 - Run 84 Shot 436920 | Upgrades
2500 '§—1_5 100%
: §2.66 <10 ppp -
. (Ppp WR)
Particle Loss | A2
1400
0.5
200
Px > 100 150 200

Address#

4 ring collimators

i of scattered orotons

2023-4-16 7
Achieved o7 -
FX 750 kW

(Design Power)

x 10" protons

20

time from K1 [sec]

had
[

[ 2024 Jun 21 11:23:51 - Run 91 Shot 2777780 |

|

- 1.36scy

cle

| s

0

0.5 1
time from K1 [sec]

[ 2024 Jun 21 11:23:51 - Run 91 Shot 2777780 |

2.26 X104 ppp
Particle Loss 0.8%

200
Address#

kinetic energy [GeV]



@ KEK © New-Arc Beam Optics to reduce beam loss in FX  «* J-PARC

Simplified image of < Wy T = ZFJ n €08(Wynt + Gun)

betatron oscillation

vy MR 3.4e13 ppb simulation

Y 4 wy()y = ZF;,.” cos(wynt + Py n)

Non-systematic resonances --- can be compensated with correction magnets.

:-Fl cos(wit + @) + cqcos(wit + @) + cacos(wit + ¢g) = 0 |

1 : resonances
F: function of x, y

3

8
Fy cos(wnt + ¢y) = Zz.fl cos(wit + Ppg)

Wxo have wide
Wy0  distribution
(Tune spread)

Systematic resonances --- driven by sextupole magnets and space charge effects.

p=1 ¢g=1 7
» O (for any f1) under proper phases Pzt
T. Yasui, et. al., v 8 Ik Ik
PRAB 23, 061001 (2020). | Zcm wit + ppq) = cos(wyt + @p,) + cos(wyt + @y T) ++ cos(wyt + @py 4 7T) =0
1

*1 for nx-2ny=-21 =

T. Yasui, S. Igarashi, Y. Sato, and T. Koseki, TIm Im

“Beam optics for the compensation of third-order structure resonances”, Before After

Prog. Theor. Exp. Phys. 2022, 013G01 (2022).
https://doi.org/10.1093/ptep/ptab146

*2 for 8ny=171

T. Yasui and Y. Kurimoto,

“Suppression of the eighth-order space-charge-induced resonance”,
Phys. Rev. Accel. Beams, 25, 121001 (2022).
https://doi.org/10.1103/PhysRevAccelBeams.25.121001

See Yasui's

G1,-2 I G1,2=0 15



«* J-PARC MR-FX Beam Quality

2020.1.30 NU 515 kW

2.66 X104 ppp

(pppP WR)
Particle Loss 1.7% @

2.48 s Cycle

| 2020 Jan 30 18:50:52 - Run 84 Shot 436920

E [ |J\
o | Higher
repetition

=-—1400
05 I

0

AddfeSS'

Gain 1/8
In Collimator Area
(Beam Loss localized)

©

Ne
Ar
Lattice

2026.2.19 NU 1 MW demo

2.68 X104 ppp
(ppp WR again!)
Particle Loss 1.1%

1.28 s Cycle

[ 2026 Feb 19 10:57:28 - Run 93 Shot 2965132 |

—_

[sec)

1009
c
3
Q
o

—600

time from K1
o
o

o
)

400

0.4

200
0.2

0

50 100 150 200
> Address#

Gain 1/64
In Collimator Area
(Beam Loss localized)

16



o/
{7 J - PA RC oo NU 515 KW in 2.48 s cycle (Jan. 30, 2020)

Beam ¥0ss counts --- Integrated over time =
B l l l. t. ' | I Past BLM threshold
eam OSS Oca lza lon =R n 248S cycle
JFY Beam Cycle Beam Intensity  Particle | 38l , .~ k. | | 10 keep hand-on-
Power T|me !I_D%CSTS —56 3686 86§00 120 140 i60 18%;3:;05;# maintenance Capablllty
User Op estimation) 6001 e e T
2019 515 kW 2.48s 2.66xX10"™% ppp 1.7% |..f o 7 - Collimator
- o 'NU 809 kW in 1.36 s cycle (March, 2025) - -ollimators
2023 760 kW 136 S 220)(1 O PPP 16/0 . Beam loss counts---Integrated over time BLM threshold
2024 809 kW 1.36's 2.29x10' ppp 0.9% ﬂ u © in 136 s cycle
14 0 o b s d s --- maintenances were
2024 830 kW 1.36s 2.35x10™ ppp 1.5% s im0 done during JFY2024
2025 900 kW 1.28 s 2.40X10“ ppp 0.5% = —  —_ |
2025 TMW 1.28s 2.68x10"ppp 1.1% |.f, | | |
'NU 904 kW in 11285 cycle (Mar., 2026) 7 - Collimators
Present scenario of collimator balancing SR 5 s e ke i B8 OO SO0 DA e
- Consider single path collimation first, N " in 1.28 s cycle
then optimize the balance empirically i P i .'-";D';":';;;":";;Or]f;jjmg‘i:;g’rﬂ (NY finalized)
- Upstream collimators are set in smaller —é—
aperture. Downstream collimators are i S
basically set to catch scatt. particles. 400‘NU 1007?kw e 2;)26)= .......... - 7 - Collimat
. H : eq. in s cycle (Fe = coumators
Scattered partlcles at Co!llmators are Beam loss counts -—- Integrated over tlme
minimized by angled col-jaws. w1 {5 BIM threshold
- m ;lu.l ol L u in 1.28 s cycle
= = = s '2i0' ' '4)0 -:50 80 103‘--1‘20 1401 1ei;(;.' 1&2(;';2(;;]'”' NY lized
FX is aiming 1.3 MW by JFY2028 s soo | (NY finalized)

Collimators are mostly optimized.



(t) KEK @ MR beam diagnostics monitors & intra-bunch feedback o J'PARC

Mission: Provide the diagnostics for realization of 750 kW — 1.3 MW beam operation in the J-PARC MR

Eyes to aim 1.3 MW: Task (2) Upgra_d.e of the BPM circuits
Improve the position accuracy

New BLM signal processing circuit, Abort profile monitor from ~30um to <10um

and 16-electrodes monitor have newly started operation. -> Eyes for finer optics

DCCT covers 2.7 el4 ppp with factor 2 margin. All
diagnostics devices contributed to beam power upgrade

from 450 to 510 kW in 2018.

Task(1) Upgrade of the intra-bunch feedback
Shorten the damping time (>30%) \ J

Develop New Signal

For the horizontal (x) plane

o, Strline BPM Acquisition System  Signal processing circuit
Beam Stripline kicker . .
Noise filter
Attenuator
Hybrid Attenuator/switch
100KHz-200MHz
DAC- {}
T v - ADC
ook 00Kz ToOMRz | Verified > 80 dB ability

RF clock x64 — | FPGA + Memory |
Large Data Storage | | CPU + Network |
Same as the vertical (y) plane

is needed also - =

Task(3) OTR profile monitor in the MR

Measure the 2D profile and halo
of the injected beam into the MR
-> Eye for Halo collimation by COLs
-> Eye for Halo reduction by optics

Motion mechanism for the target
Ti-foil for the OTR & fluorescent plate

oTR Pl

Solid Screen N
for Beam Core > S\
= |
/ \ A

Fluorescence

Movable Alumina Screen “ Same type monitor
for Beam Halo (3-50BT-OTR/FL)
. ‘ realized
rojected |5 e FL .
seam Profe | dynamic range 106
i OTR
£

New MR-OTR/FL needs high radiated
durability and much less impedance.

To aim higher power, Good Eyes are ALWAYS important! I3
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o'

Beam intensity [10" ppp]

J-PArRC

MR Power Trend and Near Future Plan

s L —r—— 1 FX-NU 1MW eq.demo [
12001 + sX 2.7X10™ ppp 1120 1400 e
? ||+ Single shots SX-HD 101 kW l =] High Rept. Upgrades HK -
. Jun. 2021- Jul. 2022
= /1000+ Tlghgg%t. LJJplgrzaggg 8.9x10'3 ppp 1100 g 3 1200 | Main Mag. PS, RF,  [~i-NOW_ g L
P un. - Jul. b Inj/FX, Collimator, etc. 1
L Main Mag. PS, RF, FX-NU 900 kW o 2. 1000 | - 2.48s > 1.36 sin FX E ;
S| 800} Inj/FX, Collimator, 2.4x10™ ppp 80 |3 n *5.20 s > 4.24 5 in SX [ L
": etc U g 5 °Achieved 4
) - g 3 800
= & i
o| 600+ ; 60 (@ i
a Z’-’Z‘g}u/’%’(‘)’o"ﬁ; v = E 600 515.kW .| Hardware Upgrades
= to e <> 2 5 : ._..—O/O Every Summer 2023-2027
S| 4000 30 to 50 mA 40 | 0 400 F RF system (cavity, Anode PS),
@ x - Main Mag. (tuning, C-bank),
o ';E—' . Correction Mag. System,
i New Beam Dump, etc.
=| 200 20 |= Sl +1.36 5> 1.16 5 in FX
O [_S. Lgarashi, gt ol PYER vl 2020, Issue3,p3 , , , | , , , | , , , ]
0 [ 2016 2018 2020 2022 2024 2026 2028 2030
2010 2012 2014 2016 2018 2020 2022 2024 2026 JFY
Operation 3.525 3.04s 2.56s 2.48s 1.36s 1.28s
cycle 6005 5.52s 5.20s 4.24s

MR-FX/NU 1007 kW demo (2026.2)
2.68 e14 ppp in 1.28 s cycle

FX is aiming

1.3 MW
2z by JFY2028
Beam loss (estimated) NEM Keeping
“1.1% (1.2 kW) beam loss
02 03 04 05 06 07 '{-,m;”l,.] <" 1%

MR-SX/HD 101 kW user op. (2026.4.4)
8.9 e13 ppp in 4.24 s cycle

Beam Spill Duty 83%, Ext. Eff. 99.66%

0.90

0.80

- 0.70

-0.00] I 0.60

-0.01 | 0.50

Boei Blue: Beam late L o0sof

89 TP

Red: Circulating Protons

-0.02 4 - 0.30

-0.03 F 0.20
-0.03 4 F 0.10

-0.04 ] F 0.00

0.04 T T T T T T T T T T T T T T .10
00 ©02 04 06 08 10 12 14 16 18 20 22 24 26 28 3.0

Time after accel. (s)

SXis aiming
>150 kW

(TGT upgrade 20317)
and

Higher Spill Duty
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Discussion for Our Future

Q: How to design a next-generation highest-intensity facility?
from the particular view point of the A-4 session topic
“Beam loss & halo dynamics”

Y.S. believes
Isolate the problems as much as possible
and
tackle them one by one
That's the basics of beam tuning.

Initial Works are very important.
Securing Margines is the Cradle of Higher Power.
The Margines help Good Post Works

Challenge cost limits ALWAYS to earn margines for our future!
20



https://indico.global/event/15713/

A-4 Session “Beam loss & halo dynamics”

13:30 - 13:50 Yoichi Sato Lead talk: Beam Loss and Halo Dynamics
Session Chair Session Question
Answers of J-PARC Main Ring

13:50 - 14:05 Trent Thompson Observations of mismatch-driven halo
in 2.5 MeV H- beam at the SNS Beam Test Facility

14:05 - 14:20 Shouyan Xu Space Charge Effect Simulation and Tune Optimization
for Reducing Beam Loss at CSNS

14:20 - 14:35 Esmaeil Ahmadi Experimental and Simulation Studies of
Non-linear Resonances in the ISIS Synchrotron

14:35 - 15:00 Yoichi Sato Discussion Session A-4
Session Chair

Space Charge 2026, 7th ICFA BD Mini-workshop, 2026/9/29 - 10/3; Session A-4 on 2026/10/2
Denys Wilkinson Building, Dennis Sciama Lecture Theatre, Oxford University, Physics Department 21



Discussion for Our Future

Q: How to design a next-generation highest-intensity facility?
from the particular view point of the A-4 session topic
“Beam loss & halo dynamics”

Beam halo in A-4 = a part of beam touching physical aperture or collimators

To reduce the beam halo development

Measures Initial Design Post Design + Study Time
A) Enlarge physical / dynamic aperture Main devices <7 Optics Improvement &
B) Avoiding / killing transition energy Arc design <& -=-

C) Avoiding the betatron resonance lines "Base Tune <% Tune survey &

D) Suppressing betatron resonances Place of post-works Adding Corrections <
EXRemoving resonance sources “%‘c\'? Lattice design? Lattice Re-design?

F) Linear.mitigation of SC £of Higher energy <« Longitudinal control <&

Measures for insability, beam loss source but not from the beam halo development n
Impedance bug;er control, Sllipage opt., FB system, Chromatic control, Longitudinal contrel '"(\0\)%\“

N N\ 2 \v . 4

Mixture of initial and post works

Initial works are very important, but Post works can perform some using Margines.
Challenge cost limits always to earn margines for our future! \\%‘ee' 22




Additional slides



«* J-PARC J apan Proton Aceelerator Research Complex

N e -_—Qsz,“

VT s )

LINAC 3 GeV Synchrotron (RCS) Main Ring (MR)

— Length: 249 m — Circumference: 348 m — Circumference: 1,568 m
- Kinetic Energy: 181 > 400 MeV - Kinetic Energy: 3 GeV - Kinetic Energy: 30 GeV
v/c T% v/c 97% v/c 99.95%
— Current 30 > 50 mA (= 60770 m4) — Beam Power 1 MN (> 7.572 M) — Beam Power 0.9 MW (= 7.3 M)
- Inject H- into 3 GeV Synchrotron  — 90%795% protons into MLF - ProV|de protons to NU/HD

- 10%_ 5% protons |nto MR
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R Higher Repetition «*J-PARC
Upgrades in 2021-2022
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g WS SRR - -
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New Transfermer

Beam Power o<

——r

1400 Protons/pulse
~ MR-FX halve cycle time Cycle time
40650 X Beam Ener
FX 2.48—1.36 s Y
£ Utilizing extensively
g upgraded equipment
£ mainly RF and Magnet
’ 0 1000 2000 3000 4000 5000 (momentum - B*rhO) .
L3680 2480 Time [ms] for Faster acceleration
%40 SX 5.20—4.24 s By adding collimators,
e halos can be efficiently
5 20 //// eliminated.
210 -~
. 0
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GMR Hi gher Repetition
Upgrades in 2021-2022

«* J-PARC

Past talks for J-PARC MR:
‘H. Hotchi, J-PARC symposium 2024
-Y. Sato, HB2023

I | New collimator D

~ MR-FX Twice faster cycle
- MR-SX 20% faster cycle

-Less ripple in New Mag PS
Suppress the effect of
non-structure res. basically

Beam Power o<

Protons/pulse
Cycle time

X Beam Energy

n% —Noise reduction at FB DCCT—r——

‘ FFT spectrum of |

1072 . the output current

. of BM power supply (BM1)
= _, — before

1n0 — after

Optics meas. / corr.
T. Asami, et. al.,

——

Re-cabling f Mag PS

100+
-Seeking Optics Symmetry = .,
New scheme enabled g o]
AB/B <2% = I . Before
. 96 1 H
=> Suppress particle loss & 0|, .. . staror
| 2'bunches : acceleration
New scheme development H—— w5 30 3 2o 50

Time from injection [ms]



